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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to handheld fluid applicators, wherein an operator operates a fluid dispensing 
actuator to drive fluid from a reservoir and out of the applicator, through an applicator tip. Such applicators have many 
different uses and are particularly well suited for dispensing glues and adhesives and indeed are common household 
10 items for applying epoxy glues, viscous carpentry glues and caulks and so on. More specialized uses with greater 
performance requirements, as will be described herein, are for applying tissue adhesives in a surgical context to repair 
tissue damage, and for equivalent professional, medical, veterinary or biological uses. 

2. Description of Related Art 

15 

[0002] Known prior art tissue sealant applicators for multi-component tissue sealant systems generally dispense side- 
by-side streams of tissue sealant components because of the problems of clogging which are associated with devices 
that provide internal mixing of the components. 

[0003] Capozzi U. S. Patents Nos. 4,978,336 and 5,1 1 6,31 5 and Reidel U. S. Patent No. 5,605,255 teach fibrin sealant 
20 spray applicators that internally mix two sealant components immediately before atomizing the fluid flow and discharging 
it as a spray. Such spray applicators are neither intended for nor capable of dispensing Individual drops or droplets or 
a coherent stream of sealant as is required to apply a precise or controlled and accurately positioned sealant pattern 
on a work surface, for example for surgical purposes. Desired such patterns may comprise thin lines, discrete spots and 
other carefully controlled and placed areas of sealant. Furthermore, such applicators may be subjectto clogging between 
25 uses, when set down for brief periods of time, and may require replacement of nozzles, tips heads or the like before 
being reused. 

[0004] Epstein U.S. patent No. 5,226,877 ("Epstein '877" herein) teaches a sealant applicator that is intended for 
dispensing individual drops or droplets or a coherent stream of sealant depending upon the manually applied pressure 
and duration, and physical characteristics such as the reservoir capacity. The structure of mixing head 10 shown in 

30 Figure 1 of the accompanying drawings corresponds essentially with Figure 6A of "Epstein '877". In use, the mixing 
head 10 is detachably connected to a manually operable applicator enabling a surgeon or other user to controllably 
dispense dual components of a tissue sealant or adhesive, for example a fibrinogen-thrombin adhesive, through the 
mixing head 10. Suitable sealants comprise two liquid components that are mixed within the mixing head to provide a 
coagulatable mixture that clots, forming solid structures, within atimeframe that varies depending upon the characteristics 

35 of the components, for example, active agent concentration, and other factors. 

[0005] In Figure 1 , different reference numerals have been employed, and additions have been made to Figure 6A of 
Epstein' '877 to show schematically the transit of two colored fluids through the mixing head and their deposit as a pool 
12 of mixed liquids on a support surface 14, which is not intended to simulate a work surface but rather is shown as 
collecting the dispensed mixture for visual inspection. 

40 [0006] The prior art mixing head 1 0, as shown in Figure 1 , has three fluid passage ports at its rearward end, of which 
two, ports 16 and 18, when in practical use, are connected to the applicator to receive liquid adhesive components 
therefrom, while suction is applied to the third, port 20, here shown as located above and between ports 1 6 and 1 8. For 
illustrative purposes, the device has here been shown as admitting a blue fluid to port 1 6 and a yellow fluid to port 1 8. 
[0007] Forwardly, the mixing head 1 0 comprises a suction-in port 22 and a mixed fluid exit port 24. The term "suction" 

45 is used herein in the sense of the direction of air flow when suction is applied, which will be from the tissue surface, or 
other application surface, towards a suitable source of suction to which the applicator is connected, in an operating 
room, or elsewhere. A suction applicator tube 26 and a single mixed adhesive applicator tube 28 are connected respec- 
tively to suction-in port 22 and mixed exit port 24. In Epstein '877 it is explained, at column 1 2 lines 31 -38, using different 
reference numerals, that the suction tube 26 is shorter than adhesive tube 28 so that the suction tube 26 does not 

50 interfere visually or functionally with the application of the adhesive. Furthermore, the Epstein patent explains that 
materials from the site of application, when suctioned are brought along the exterior surface of the adhesive channel 28 
to the orifice of the suction channel 26 and that this action provides gentle, atraumatic suction required in microsurgery. 
[0008] The interior of the mixing head 1 0 has a Y-shaped channel 30 which connects the two fluid entry ports 1 6 and 
1 8 with the mixed adhesive exit port 24. Y-shaped channel 30 comprises separate limbs 32, 34 leading from liquid entry 

55 ports 1 6 and 1 8 respectively, and provides an impingement zone 36 at the base of the Y, where limbs 32 and 34 merge 
together, which zone 36 connects with exit port 24. 

[0009] A suction channel 38 connects rearward suction port 20 to forward suction-in port 22. As shown by arrows 40 
and 42, and in accordance with customary usage, the forward direction is that toward the work surface, or support 14, 
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also known as the distal direction, while the rearward direction is toward the user, or the proximal direction. 
[0010] When pressure is applied by the user, the blue and yellow liquids are moved through ports 16 and 18 into Y- 
shaped channel 30, where they mix and emerge from applicator 28 in a single stream to be deposited on surface 14, 
forming pool 12. While the liquids mix, in the sense of becoming combined into a single stream, prior to the present 
5 invention, it was not apparent that the stream of liquid emerging from applicator tube 28 might not comprise an intimate 
mixture or homogenous dispersion of the two liquids. 

[001 1] However, it has been discovered, pursuant to the present invention, by separately feeding colored test liquids 
to ports 1 6 and 1 8, for example a blue liquid to port 1 6 and a yellow liquid to port 1 8, that the liquids do not in fact mix 
intimately and the pool 12 of emergent liquid contains identifiable regions of blue or yellow liquid rather than being 
10 uniformly colored green as might be expected with effective mixing. Considering the apparent opportunities for commin- 
gling in the impingement zone 36, and in applicator tube 28, this result is surprising. Evidently, the configurations of Y- 
shaped channel 30, including the gentle angle at which the streams of liquid merge, and of applicator tube 28, are such 
as to provide significant laminar flow so that the two liquids retain at least some spatial separation and do not completely 
mix. 

is [0012] Such incomplete mixing is undesirable, and may reduce the performance of the sealant, affecting its time- 
versus-bonding-strength parameters, performance reproducibility, spatial consistency, or final bond strength. 
[0013] US-3,556,348 discloses a fluid mixing and dispensing apparatus. The apparatus is adapted to mix and then 
dispense two or more fluids, such as the bonding and setting agents of an adhesive, and comprises an axial mixing 
chamber, which is fed with the fluids to be mixed by rearwardly directed tubes, and a dispensing outlet that leads from 

20 the mixing chamber. The apparatus is also provided with a cleaning port for flushing the mixing chamber. 

[0014] WO 96/39212 describes a device for dispensing a mixture of a plurality of fluids, such as fibrin glue wound 
sealant. The device comprises a mixing chamber connected to syringes via a manifold having fluid channels. Separate 
components are mixed in the mixing chamber and delivered through the catheter of a delivery spout. 
[001 5] US-4,083,474 describes an applicator gun for multi-component adhesives comprising a discharge port in com- 

25 munication with a mixing device and a metering chamber into which component materials may be separately introduced 
through openings which are diametrically opposed to one another. 

[001 6] US-4,471 ,887 discloses a device for mixing and dispensing two or more reactive liquids. The device comprises 
a mixing chamber with two or more inlets for separately introducing the liquid components to be mixed and an outlet for 
dispensing the mixed liquid composition from the chamber. The device also comprises a reciprocating purge pin or a 
30 source of pressurised air to clear the mixing chamber. 

Summary of the Invention 

[001 7] The present invention provides a manually actuated sealant applicator for dispensing a mixed output of at least 
35 two liquid sealant components according to claim 1 . 

[0018] The invention solves a problem. It solves the problem of providing a fluid applicator mixing head which can 
provide effective internal mixing of at least two fluid sealant components and is capable of dispensing individual drops 
or droplets or a coherent stream of sealant. 

[0019] In one aspect, the sealant applicator comprises a mixing head having: 

40 

a) a mixing volume for mixing the at least two fluid sealant components; 

b) at least two fluid sealant component delivery passages each passage connecting with the mixing volume to deliver 
an individual one of thesealantcomponentsseparately to the mixing volume with a sealant componentinput direction; 

c) a tubular dispensing cannula connecting with the mixing volume to receive a stream of mixed fluid sealant from 
45 the mixing volume in a mixed sealant output direction and to dispense the mixed stream at a location displaced 

away from the mixing volume; 

wherein the flow of each sealant component through the mixing chamber from the respective delivery passage to the 
tubular dispensing cannula undergoes a sharp change of direction in the mixing volume, to encourage mixing. Preferably, 
50 the sharp change of direction comprises an included angle of at least 45°, preferably, at least 60° and more preferably 
at least 75° between the sealant component input direction and the mixed sealant output direction. A preferred embod- 
iment employs directly opposed sealant component flows at 1 80° to one another, each being perpendicular to the output 
flow. 

[0020] Pursuant to the invention, the sharp change of direction of sealant component flow can be affected by impinge- 
55 ment of the flow of one sealant component on the flow of at least one other sealant component. Preferably, the mixing 
volume has a cross-sectional area in the vicinity of the delivery passages being greater than the sum of the cross- 
sectional areas of the delivery passages said cross-sectional areas being determined transversely to the direction offluid 
flow, to facilitate mixing of the fluid components. 
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[0021] In another aspect, the invention provides a mixing head for a sealant applicator which uses impingement flow 
to enhance mixing wherein multiple adhesive component fluids are discharged into a mixing chamber in directions such 
as to provide directly opposed flow components in the mixing chamber, e.g. directly opposite to one another, thereby to 
cause turbulence and active mixing of the adhesive fluid components prior to discharge from the dispenser. Employing 
5 a quick setting component adhesive, such for example as the fibrin adhesives used in surgery, curing and resultant 
setting or viscosity increase may be initiated, or occur, within the dispenser prior to discharge, providing a more viscous 
flow out of the dispenser than would be obtained without apposite mixing. 

[0022] The invention solves the problem of lack of sealant effectiveness which may occur with prior art sealant appli- 
cators, which pursuant to the present invention has been discovered to be attributable to delivery to the work site of 
10 incompletely mixed tissue sealant components. To this end, the invention provides a mixing head for a tissue sealant 
applicator which has a zone of turbulent mixing of the combined liquid components. The turbulent mixing zone in a 
mixing chamber where the individual liquid components arc combined into a single stream. 

[0023] The zone of turbulent mixing is created in a mixing chamber by constructing the chamber and fluid supply 
channels communicating therewith so that there is impingement mixing of the fluid flows in the mixing chamber. By 
is "impingement mixing" is intended that the direction of flow of each fluid into the mixing chamber shall be such that there 
is substantial opposition of one flow to another so as to cause turbulent mixing. Preferably the interior walls of the mixing 
volume and dispensing tube that are subject to contact by the mixed sealant are smooth, smoothly contoured surfaces 
free of structural projections or discontinuities that might attract solid deposits. 

[0024] A potential drawback of such enhanced mixing is that coagulation of the active components may be accelerated, 
20 leading to clogging from solids deposited within the mixing head's fluid passageways. To overcome difficulties with 
clogging, the invention also provides clearing means to remove the deposited solids orto dislodge and remove deposited 
solids. Such clearing means comprises retrograde suction applied to the combined liquid passageway to withdraw 
deposited solids and if desired, may also include means to dislodge deposited solids to facilitate their withdrawal, or 
removal by other means, such as will be described hereinafter. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0025] Oneway of carrying out the invention is described in detail below with reference to the drawings which illustrate 
one or more specific embodiments of the invention and in which:- 

30 

Figure 1 is a partial schematic perspective view of a prior art embodiment of mixing head for a tissue adhesive 
applicator; 

Figure 2 is a partial schematic plan view of a first embodiment of mixing head according to the invention, suitable 
for incorporation in an applicator tip for an applicator intended for dispensing a two-component adhesive 
35 system, such as a tissue sealant, 

is a section on the line 3-3 of Figure 2; 
is a schematic depiction of principle of the invention; 

is a partial schematic plan view of a further embodiment of mixing chamber for a mixing head according 
to the invention; 

40 Figure 4 is a section on the line 3-3 of Figure 2 showing one position of a shuttle valve; 

is a view similar to Figure 4 showing another position of the shuttle valve; 

is a view similar to Figure 4, without the shuttle valve, illustrating another embodiment of the invention; 
is an exploded view of a novel applicator tip for a tissue sealant applicator which comprises a further 
embodiment of mixing head according to the invention; 
45 Figure 8 is an enlarged view of manifold being a component of the applicator tip shown in Figure 7; 

is an enlarged view of a shuttle valve being a component of the applicator tip shown in Figure 7; 
is an enlarged view of the two halves of a clamshell being a component of the applicatortip shown in Figure 7; 
is a partially cutaway view of an assembly of some of the components shown in Figure 7; 
is a schematic, partial right-hand elevation of the clamshell and shuttle valve shown in Figure 7, with a 
50 sectional view through a manifold arm, showing a first position of the shuttle valve; 

is a view similar to Figure 1 2 showing a second position of the shuttle valve; 
is a rear elevation of the applicator tip of Figure 7, with components assembled; 
is a right-band side elevational view of the assembled applicator tip as shown in Figure 1 4; 
is a front elevational view of the assembled applicatortip as shown in Figure 14; 
55 Figure 17 is a bottom plan view of the assembled applicator tip as shown in Figure 1 4; 

is a section on the line 18-18 of Figure 16, with the shuttle valve in a rearward position; 
is view similar to Figure 1 8 with the shuttle valve in a forward position; and 
is a schematic view of the simultaneous application of suction and sealant to a tissue surface; 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] The device shown schematically in Figures 2-6 embodies such impingement mixing and solids clearing features 
of the invention. Referring to Figure 2, a mixing head 50 comprises a U-shaped manifold 52, overlain by a generally 

5 rectangular shuttle valve 54 and a stop 56. U-shaped manifold 52 (shown in unbroken lines for clarity) has a central 
mixing chamber 58 and resiliently flexible tabular arms 59 whose walls can be pinched or otherwise pressed together 
to prevent the flow of liquid therethrough. Arms 59 are constructed and manufactured from a material selected to facilitate 
such pinching closure, at least in the vicinity of mixing chamber 58. Away from mixing chamber 58, arms 59 terminate 
in cups 60 that fit over the discharge nozzles of a pair of syringes 62, where tissue sealant components, or other materials, 

10 can be accommodated and furnished to mixing chamber 58. Cups 60 are internally fitted with seals 64 which provide a 
fluid-tight fit with the forward ends of syringes 62. Other, possibly continuous supply, sealant component feed means 
can be connected to cups 60, as will be apparent to those skilled in the art. The broken lines show an optional third 
syringe 62 and its accompanying fluid conduits which will be described more fully below. 

[0027] Mixing chamber 58 is generally cylindrical and has a central mixing volume 66 into the sides of which manifold 
is arms 59 open at ports 68. Ports 68 are diametrically opposed to one another, across the mixing volume 66, so that fluids, 
most probably liquids, fed simultaneously through manifold arms 59 will impinge directly upon each other. Downwardly, 
mixing volume 66 communicates with a dispensing nozzle, or cannula, 70 through a discharge port 67 into which fluids 
mixed inchamber58are discharged. Upwardly, mixing volume 66 terminates in a clearing port 69 for removal of undesired 
materials from mixing volume 66 and cannula 70. Preferably, cannula 70 terminates in a discharge aperture 73 and has 
20 a tapering structure with a reducing cross-section from mixing chamber 58 to aperture 73 to facilitate retrograde withdrawal 
of debris by suction. 

[0028] Prior to the present invention, it had been thought necessary that the sealant dispensing cannula should have 
a substantial length to keep the applicator and the user's hand well clear of the work surface at the site of application 
for, example, referencing a hand-held applicator having a length of the order of six inches (15 cm), a projecting length 

25 outside the applicator tip of about 1 .5 or 2 or more inches (3.8 or 5 cm). However, pursuant to the present invention, it 
has now been discovered that the length of the mixed sealant conduit from mixing volume 66, at the point where the 
sealant components become mixed, to the point of discharge from the applicator should be as short as practicable to 
prevent clogging. Furthermore, it has surprisingly been found unnecessary to maintain substantial spacing between 
cannula 70's discharge aperture 73 and the user's hand (or cannula embracing finger), so that a short cannula, for 

30 example, projecting less than 1 inch (2.5 cm), preferably less than about 0.8 inches (1cm) from the applicator body, can 
be used and is advantageous in enabling mixed fluids to be rapidly discharged from the applicator. 
[0029] Toward the end of minimizing the length of the mixed liquid pathway from point of mixing to point of exit from 
the device, it is desirable to locate mixing volume 66 closely to any external housing of the mixing head, for example as 
is achieved with the embodiment of applicator tip illustrated in Figures 7-19, notwithstanding the relative complexity of 

35 the internal components of the applicator tip depicted. 

[0030] Preferably also, mixing volume 66 has a cross-sectional area in excess of the sum of the areas of arms 59 to 
provide an air volume to facilitate mixing, at least at the beginning of the applicator stroke wherein sealant components 
are driven from syringes 62 through arms 59 to an otherwise empty mixing chamber 66. 

[0031] By employing an area for aperture 73 that is less than the combined cross-sectional areas of tubular arms 59 
40 it is possible to build back pressure in cannula 70, and in mixing volume 66, which, combined with the free space therein 
and with the opposed positioning of the fluid steams as they are admitted to mixing volume 66, is helpful in promoting 
turbulent mixing and avoiding stratification of the fluid components in the dispensed fluid stream. 
[0032] The schematic view of Figure 3 illustrates the mixing principles of the invention as they apply to the mixing of 
sealant components, comprising fibrinogen and thrombin respectively, which are thoroughly mixed to provide an effective 
45 tissue sealant that is readily applied to a suction- prepared tissue surface. 

[0033] Nowthoroughly mixed, asthey leave mixing chamber 66 and advance along cannula70,thesealant components 
will begin to interact and cure. Accordingly, the length of cannula 70 should be selected according to the setup time of 
the sealant, taking into account the rate of transit of sealant mixture through cannula 70 to avoid clogging cannula 70. 
Cannula 70 can be provided in various lengths according to the particular purpose for which the applicator is to be 
50 employed so that where a short setup sealant is employed, for example a fibrin sealant using a thrombin component 
with an activity of the order of 1 00 IU, a particularly short cannula may be employed, whereas for a sealant with a longer 
setup time for example one provided with a thrombin component having a low activity of the order of 5 I U, a longer 
cannula 70 can be used. 

[0034] Prior to the present invention, it had been thought necessary that the sealant dispensing cannula should have 
55 a substantial length to keep the applicator and the user's hand well clear of the work surface at the site of application, 
for example, referencing a hand-held applicator having a length of the order of six inches (15 cm), a projecting length 
outside the applicator tip of about 1 .5 or 2 or more inches (3.8 or 5 cm). However, pursuant to the present invention, it 
has now been discovered that the length of the mixed sealant conduit from mixing volume 66, at the point where the 
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sealant components become mixed, to the point of discharge from the applicator should be as short as practicable to 
prevent clogging. Furthermore, it has surprisingly been found unnecessary to maintain substantial spacing between 
cannula 70's discharge aperture 73 and the user's hand (or cannula embracing finger), so that a short cannula, for 
example, projecting less than I inch (2.5 cm), preferably less than about 0.8 inches (1cm) from the applicator body, can 

5 be used and is advantageous in enabling mixed fluids to be rapidly discharged from the applicator. 

[0035] Toward the end of minimizing the mixed liquid pathway from point of mixing to point of exit from the device, it 
is desirable to locate mixing volume 66 closely to any external housing of the mixing head, for example as is achieved 
with the embodiment of applicator tip illustrated in Figures 7-19, notwithstanding the relative complexity of the internal 
components of the applicator tip depicted. 

w [0036] One or more flanges, such as circumferential flange 71 , or other suitable structure, can be provided to enable 
cannula 70 to be located and held in mating engagement with mixing chamber 58 by suitable support structure (not 
shown). Cannula 70 and mixing chamber 58 are canted downwardly and forwardly to facilitate application of the sealant, 
or other mixture of working fluids. Upwardly, mixing chamber 58 is slidingly engaged by shuttle valve 54 which rides on 
chamber 58 to control admission of suction thereto. 

15 [0037] Stops 56 are located adjacent arms 59, as close as is practical to mixing chamber 58. Shuttle valve 54 comprises 
a rectangular body 72, from the rearward end of which extend elongated actuator members 74 having cam surfaces, 
the details of which are not here shown, but which can be used to drive the shuttle valve 54 back and forth in a forward 
then a rearward direction. Shuttle valve 54 has a central opening 76 to communicate with mixing volume 66 when the 
valve is in a forwardly advanced position, as shown in Figure 5. When not forwardly advanced, shuttle valve 54 seals 

20 off the upper side of mixing volume 66. Clamping blades 78 depend downwardly from valve body 72 and cooperate with 
stops 56 on each side of mixing chamber 58 to clamp each manifold arm 59 individually between a clamping blade 78 
and a stop 56 thereby to close the arm 59 against the flow of liquid as the shuttle valve 54 advances to its forward position. 
[0038] The described components can all be manufactured from a suitable injection-moldable polymeric or plastics 
material, orthe like, as will be known to those skilled in the an, provided that manifold arms 59 are sufficiently deformable 

25 and resilient to make a good closing seal when firmly clamped between clamping blade 78 and stop 56. Preferably, 
mixing chamber 58 has at least some limited resilient deformability, whereby the clamping of manifold arms 59, closely 
adjacent to mixing chamber 58, acts upon deposited solids in or near mixing chamber 58 to dislodge them facilitating 
their removal from the mixing head. Liquid in manifold arms 59 acts hydraulically in response to the squeezing pressure 
of clamping blades 78. 

30 [0039] Such resilient deformability, as a characteristic of the material of manifold 52, is beneficial not only to permit 
proper closure, sealing and resilient re-opening of tubular arms 59 when engaged by clamping blades 78, but also as 
a characteristic of seals 64, to enhance their effectiveness, of the mixing chamber 58 to facilitate dislodgement of 
undesired solid deposits and to facilitate sealing engagement of mixing chamber 58 with shuttle valve 54 and dispensing 
cannula 70. 

35 [0040] If suction is employed, to prepare, clean-up or manipulate the worksurface, as it is in the preferred embodiments 
herein, and it is desired to apply suction simultaneously with the tissue sealant, then suction can be applied through 
central opening 76, connecting with a suction conduit having an aspiration nozzle, or second cannula, terminating in an 
output aperture adjacent to that of dispensing cannula 70. An embodiment of the suction-applying structure is described 
in more detail below in connection with Figures 7-20. 

40 [0041] Suction clearing of any solids coagulating in the mixed liquid pathway is assisted by avoiding tortuous config- 
urations of the mixed liquid pathway, by providing reducing cross-sectional area in the downstream direction, and by 
providing the mixed liquid pathway with smooth walls, preferably fabricated of a non-sticking material. 
[0042] In use, an operator urges a manual actuator to drive sealant components through syringes 62 into manifold 52 
where the components travel along arms 59 and emerge from ports 68 into mixing volume 66. As shown in Figure 3, 

45 the alignment of ports 68 and arms 59 is selected so that the jets emerging from arms 59 into mixing volume 66 impinge 
directly upon one another, creating a zone of substantial turbulence in mixing volume 66 where the liquids are brought 
into intimate contact with one another and thus become thoroughly mixed. Such head-on impingement of the flows is 
effective to divert kinetic energy to cause mixing. While a diametrically aligned opposition of the two liquid flows is 
preferential for more effective mixing, useful, albeit inferior mixing, can be obtained employing different alignments, for 

50 example with an included angle between the directions of flow at the point of mixing no less than 120°, preferably no 
less than 150°, rather than the preferred 180°, provided that substantial laminar flow through dispensing cannula 70 is 
prevented. 

[0043] The efficacy of mixing, and thence the acceptability of any particular structural variation, can be determined by 
means of a simple test such as the use of blue and yellow colored liquid components, as described in connection with 
55 the prior art device shown in Figure 1. A uniformly green product should be consistently dispensed from dispensing 
cannula 70. 

[0044] A suction control valve is coupled with shuttle valve 54 whereby actuation of the suction control valve by the 
operator moves shuttle valve 54 forwardly from the position shown in Figure 4 until central opening 76 registers with 
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mixing volume 66, as shown in Figure 5. The applied suction clears mixing volume 66 and dispensing cannula 70 of 
residual mixed sealant components, deposited solids and other debris. As shuttle valve 54 approaches the suction 
registration position of Figure 5, clamping blades 78 engage resilient manifold arms 59 closely adjacent mixing chamber 
68, compressing the arms 59 against stops 56 and closi ng them providing a flow of liquid sealant component therethrough. 
5 At the same time residual solids or debris adjacent ports 68 may be dislodged, squeezed or otherwise forced away from 
ports 68 into the upward suction stream in mixing volume 66, to be withdrawn from the device. 

[0045] Preferably, the suction control valve and shuttle valve 54 are biased to return to the position shown in Figures 
2 and 4, for example by being spring-loaded, enabling an operator to release the suction control and re-commence 
application of sealant. Such suction clearing means provides asimple and easy method of clearingthe mixed liquidconduit 

w [0046] An alternative construction of clearing means is shown for comparison in Figure 6 which illustrates a modified 
dispensing cannula 75 which extends upwardly into mixing volume 66 where it has a sleeve portion 80 which is a close 
fit in mixing volume 66, providing a liner for mixing chamber 68. Openings are provided in sleeve portion 18 in registration 
with ports 68 to admit liquid components into mixing volume 66. Sleeve portion 80 of dispensing cannula 75 can be a 
press fit or snap fit in mixing volume 66 or otherwise can be releasably secured to mixing chamber 58 or to housing 

is structure that effectively locates sleeve portion 80 in mixing volume 66. The modified cannula 75 shown can be disposable, 
(although there are drawbacks associated with using disposable components with fast curing sealants, which are de- 
scribed below), but is also useful where the sealant components has a short setup time and clogging problems occur 
that are not resolved by the use of suction clearing. Also, cannula 75 can assist in dislodgement of any solid deposits 
in the vicinity of ports 68, when it is removed as its sleeve portion 80 exerts a mechanical disrupting action on any such 

20 deposits. 

[0047] Such a dispensing cannula can be embodied in disposable form being readily removed, discarded and replaced 
with a new cannula at desired intervals, for example for each new patient, or procedure; Clogging resulting from the 
deposit of solids generated by reaction of the sealant components with one another and thus will only manifest itself as 
a problem in locations within the mixing head where the sealant components contact one another. Effectively this should 

25 be only at ports 68 and points downstream thereof. Accordingly, use of such a cannula can eliminate the need for suction 
to clear the mixed fluid conduits that are subject to clogging, as any contaminating debris in the conduit will be removed 
with the cannula and discarded. This capability may be valuable where suction is not readily available, for example in 
field conditions. However, one drawback to disposability is that sealant components are lost, and being valuable, with 
1998 costs of the order af $1 00 per ml in the United States, such losses are significant. Furthermore cannula orcannula- 

30 and-liner disposability is not an effective solution to clogging problems with a fast curing sealant which may clog in less 
than a minute during between the steps of a given procedure. 

[0048] An unrelated benefit of cannula 75 is to provide a unique, non-adhesive surface material differing from the 
material of the individual fluid conduits, for example polytetrafluoroethylene for those fluid conduits that are exposed to 
mixed sealant. 

35 [0049] If desired, disposable embodiments of dispensing cannula 70 can contain turbulence-creating structure such 
as fins, baffles or protrusions thatso direct the liquids in the mixing volume or in the tubular cannula portion as to enhance 
turbulence and thence improve the mixing of the two or more liquid sealant components. 

[0050] Such a removable cannula 70 can be economically fabricated as an inexpensive plastic molding and constitutes 
a simple and effective clearing means. While use of a removable cannula which effectively contains the complete mixed 

40 fluids conduit from a zone of mixing to the point of egress from the mixing head, can eliminate need for retrograde suction 
or other clearing means, if desired, suction clearing in accordance with the invention can also be used, either to clear 
the disposable cannula during use, or to clear mixing volume 66 with dispensing cannula 70 removed, or both. Figure 
6 illustrates how mixing chamber 58 can be modified by closing off the upward side of mixing volume 66. Shuttle valve 
54 can also be simplified, if suction clearing is not employed, being constructed simply to operate clamping blades 78. 

45 [0051] However, the value of suction for preparing the tissue surface and for removing excess adhesive calls for its 
use in many applications, so that suction will usually be readily available for the described clearing functions of the 
invention and its use is desirable. 

[0052] The third syringe 62A, shown in broken lines in Figure 2, can be positioned between, or beneath and between, 
the two syringes 62 and, as indicated, manifold 52 can be provided with a third arm 59A and cup 60Ato communicate 
so with syringe 62A. Such is preferably operated in harness with syringes 62 to deliver liquid therefrom simultaneously with 
the delivery of fluids from syringes 62. However, third syringe 62A may have a different geometry, to provide a different 
flow rate, if desired. 

[0053] Third syringe 62A can accommodate, or provide, a third sealant component or an additive useful at the work 
site, for example a therapeutic composition. Preferably, the dispositions of port 68A and arm 59A are such that the liquid 
55 flow from syringe 62Ainto mixing volume 66 is opposite to the flows of one or both of the liquid components from syringes 
62, whereby mixing of all three components is facilitated or enhanced. For example, the three flows may be directed to 
a common point of convergence, as shown in Figure 7. The efficacy of mixing of 3 sealant components can also be 
determined using colored liquids. However, rather than trying to select three different colors that will mix to produce a 
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suitably indicative end product, it is preferred again to use blue and yellow liquids, with a clear liquid in the third syringe 
62 or 62A and perform the test three times, rotating the colors between the syringes to show satisfactory mixing in pairs. 
If every pair mixes well, it is reasonable to assume that all three liquids will blend well. If one or more liquids has significant 
viscosity, the test liquid should be made comparably viscous, e.g. by using a transparent thickening agent such as 
5 carbopol or agar. 

[0054] The tissue sealant applicator tip embodiment incorporating a mixing head shown in Figures 7 -19 is a more 
detailed embodiment of the invention which embodiment includes most of the features shown in the embodiment of 
Figures 2-6 and is suitable for manufacturing from injection molded plastics components. As will be described, several 
of the parts of the mixing head shown in Figures 7-1 9 embodying similar construction and functionality to the components 
10 of the embodiment of shown in Figures 2-6. 

[0055] Many individual structural features of the components of the applicator tip can be seen from the exploded view 
of Figure 7, while Figures 8-1 4 and 1 8-1 9 show additional structural features and relationships of the internal components 
and Figures 14-17 show the overall external appearance of the applicator tip. 

[0056] Referring to Figure 7, the mixing head 100, there shown in exploded view, comprises a U-shaped manifold 
15 102, embodying features of manifold 52, a shuttle valve 104, embodying features of shuttle valve 54 and a dispensing 
cannula 1 06 embodying features of dispensing cannula 70. Additionally, mixing head 150 comprises an inner clamshell 
108 which supports manifold 102, shuttle valve 104 and dispensing cannula 106 in assembled configuration, and an 
aspiration cannula 110 which is similarly supported in assembled configuration with the foregoing parts by clamshell 
108 where it connects with the suction conduit through the mixing head 150 and the applicator. Clamshell 108 has a 
20 left-hand half designated 108 LH and a right hand half designated 108 RH. The numeral "108" is used to reference the 
two halves conjointly. 

[0057] In preferred embodiments, shuttle valve 1 04, dispensing cannula 1 06, aspiration cannula 1 1 0, clamshell 1 08, 
connecting plate 1 1 2 and an attractively styled tip housing 1 1 8 are essentially rigid, injection-molded components having 
limited resilience in their thinner sections. In contrast, manifold 102 is preferably fabricated from a distinctly elastomeric, 

25 resilient molding material so that, in a relaxed state, the tubular arms of manifold 102 unfold and extend in a straight 
line. Manifold 102 is preferably also transparent as are other liquid-contacting components, to permit limited inspection 
of the liquid conduits through the mixing head. A suitable material for manifold 102 is a silicone rubber, for example 
silicone rubber supplied under the trademark SILASTIC (Dow Coming Corporation) orthe trademark BAYSILONE (Bayer 
A.G.). Other liquid contacting components are preferably fabricated of a relatively more rigid polymeric plastics material 

30 such as polypropylene, or polytetrafluoroethylene, with smooth interior surfaces to resist adhesion by deposits or clogs 
of fibrin material. 

[0058] Connecting plate 112 mates with the assembled manifold 102 shuttle valve 104 and clamshell 108 and is 
provided with suitable structure on its rearward face to connect with an applicator body. A tension spring 1 14 connected 
to a bifurcated retainer block 1 16 on one side of connecting plate 112 and to the shuttle valve 104 on the other side of 
35 connecting plate 1 1 2 biases shuttle valve 1 04 in the rearward direction. An attractively styled tip housing 1 1 8 completes 
the mixing head assembly, fitting over manifold 1 02, clamshell 1 08 and shuttle valve 1 04 and snap fitting with connecting 
plate 1 1 2 to form an integral assembly from which dispensing cannula 1 06 and aspirator cannula 1 1 0 depend downwardly 
and forwardly toward a work surface. 

[0059] Connecting plate 1 1 2 comprises a pair of forwardly extending sleeves 1 20 which are received over the forward 

40 ends of liquid component feed syringes such as syringes 62 (Figures 2-6), and above which are located a pair of S- 
shaped compression latches 122 having manually depressible ribbed outertab portions 124. Tip housing 1 1 8 has cutouts 
126 (one shown in Figure 7) to accommodate latches 122 and is internally configured to be a snap fit over mounting 
plate 112, with the remaining components of the applicator tip mounted thereon (see Figure 18). 
[0060] Rearwardly, connecting plate 112 has a pair of flanged guide pegs 119 to stabilize the attachment of the 

45 applicator tip to an applicator body. Inner portions 128 of latches 122 provide resilience and enable guide pegs 1 19 to 
be securely engaged in an applicator body by a user compressing tabs 126 together with their thumb and forefinger. 
[0061] Centrally, connecting plate 1 12 has an aperture 130configuredto receiveand locate the forward end of clamshell 
108. On its rearward surface connecting plate 112 is configured to receive and locate spring retainer 116. Manifold 102 
comprises a central mixing chamber 1 32 from which extend tubular arms 1 34, which arms terminate in cylindrical cups 

50 1 36, which cups 1 36 fit snugly within sleeves 1 22 of connecting plate 1 1 2 where they are located by external colors 1 38. 
Cups 136 are internally configured to be pressed into tight sealing engagement, when so mounted within sleeves 122, 
with the forward ends of sealant component syringes mounted in a mating applicator body, to receive liquid components 
therefrom. The interfitting relationship between cups 136 and sleeves 122 is indicated by broken lines 140. 
[0062] Tubular arms 134 of manifold 102 are flexible and can readily be manipulated during assembly of the mixing 

55 head 100, to be turned from an unassembled, relaxed state, straight line configuration, as shown in Figure 8, through 
90 degrees to align each cup 1 36 with the syringes in the applicator body, along the rearward-forward direction shown, 
while the inward ends of arms 134 maintain an opposed alignment at the mixing chamber 132 to effect impingement, 
turbulent mixing of liquids conveyed through the arms 134. A cross-section through mixing chamber 132 and arms 134 



8 



EP 1 059 957 B1 



is essentially similar to Figure 3. Mixing volume 148 opens downwardly to a sealant discharge opening 149 which 
communicates with cannula 70, and upwardly to port 151 which communicates with a suction clearing conduit, to be 
described. 

[0063] The flexibility of tubular arms 134 simplifies manufacure and provides considerable freedom of movement of 
5 the outward ends of cups 1 36, which facilitates assembly of mixing head 1 00, accommodates tolerances in other com- 
ponents and can also accommodate minor design variations in other components that may be required from time to 
time. Molding of the in-line relaxed state configuration (Figure 8, broken lines) is considerably easier than would be the 
U-shaped assembled configuration which might have to be molded in two halves. 

[0064] Mixing chamber 1 32 has a f rusto-cylindrical shape with an upper surface 1 42 which is approximately horizontal ly 
10 disposed and bears a unitary upstanding sealing ring 144 which makes a substantially airtight seal with shuttle valve 
1 04. Under surface 1 46 of mixing chamber 1 34 is perpendicular to the direction of extent of dispensing cannula 1 06 and 
enters into sealing engagement therewith for which purpose under surface 146 could be provided with a seal similar to 
seal 144, if desired. Internal passages in manifold 102 are shown in broken lines and provide a mixing volume 148 
similar to mixing volume 66, Figure 2. 
15 [0065] Other minor structural features such as abutments will be apparent from the drawings, or can be added by 
those skilled in the art. While manifold 102 could be integrally constructed from a number of components, preferably 
and advantageously, it is a unitary structure. By incorporating a number of components into a single element, capable 
of injection molding fabrication, considerable economy of manufacture and reliability of operation is obtained. Of significant 
value is the fact that one element, manifold 102, provides multiple resilient seals for fluid light engagement with four 
20 other components, namely two syringes, shuttle valve 104 and dispensing cannula 106. Seals that would otherwise be 
required if mixing chamber 132 and arms 134 were separate components are also eliminated. Manifold 102 also con- 
stitutes a useful service component that can readily be replaced. 

[0066] Shuttle valve 1 04 comprises a generally rectangular body 1 50 having a central opening 152 and a small rearward 
opening 154 which is engaged by forward end of tension spring 114, as indicated by broken line 155. Spring 114, 

25 anchored by retainer block 1 16 engaging clamping plate 112, biases shuttle valve 104 rearwardly, causing valve 104 
to return to its sealant dispensing position after it has been forwardly advanced to effect suction clearing of mixing volume 
148 and dispensing cannula 106. Clamping blades 156 depend downwardly from the forward end of body 150, have a 
partially rectangular shape with their lowermost forward corners cut back to provide an inclined surface 158 to engage 
tubular arms 134 of manifold 102 closely adjacent mixing chamber 132, as shown in Figures 11-13. Elongated actuator 

30 members 1 60 extend rearwardly from rectangular body 1 50 and terminate in upstanding buttresses 1 62 which present 
upward facing cam surfaces 164 for engagment by manual actuation of the suction valve (not shown). Intermediately 
their lengths, actuator members 160 have guide portions 166 which engage and are guided by outer surfaces of clamshell 
108. 

[0067] Referring to clamshell 1 08, as shown in Figure 1 0, it will be appreciated that the structural elements described 

35 are, for the most part, provided conjointly by structure from both halves only clamshell 108 LH and 108 RH. Thus, 
clamshell 1 08 comprises a suction aspiration conduit 1 68 in the lower half of the clamshell and a suction clearing conduit 
1 70 in the upper halfof the clamshell. Suction aspiration conduit 1 68 communicates with the suction valve (in the applicator 
body, not shown) and terminates in a port 169 which receives aspiration cannula 1 10, while suction clearing conduit 
170 communicates suction from the suction valve to mixing chamber 148 and thence to dispensing cannula 1 06. 

40 [0068] Intermediately of suction conduits 168 and 170, a short tubular opening 172 is provided to accommodate spring 
114. The rearward end of clamshell 108 comprises a shroud 174 configured to be received through connecting plate 
1 1 2 and to present aspiration and clearing suction ports 1 76 and 1 78 respectively for to communicate with the applicator's 
suction valve. Ribs 180 locate clamshell 108 against receiving structure 182 in mounting plate 112. 
[0069] Externally, shroud 1 74 has a pair of right-section recesses 1 84 which engage with guide portions 1 66 of shuttle 

45 valve 1 04, positioning the valve as it moves back and forth. Centrally, clamshell 1 08 is formed with a horizontally disposed 
rectangular box portion 1 86 which accommodates rectangular body 1 50 of shuttle valve 1 04 for sliding movement therein. 
Laterally of box portion 186, each half of clamshell 108 is formed with an opening 188, configured with an arcuate rest 
1 90 to accommodate a respective tubular resilient arm 1 34 of manifold 1 02 and shaped to permit a respective clamping 
blade 156, depending from forward portion of body 150 of shuttle valve 104, to engage the arm 134 pinching its walls 

50 together against rest 1 90 and preventing fluid flow therethrough. 

[0070] Box portion 1 86 has an end wall 1 92 which extends across the full width of shuttle valve 1 04 and is engaged 
by an end face 1 94 on shuttle valve 1 04 to provide a positive limit to forward movement of the shuttle valve. The geometry 
is selected such that this limit is reached at a point which protects tubular arms 1 34 from undue compression, yet permits 
effective closure of the arms by clamping blades 156 to stop fluid flow therethrough. 

55 [0071] A hook-like structure at the forward end of clamshell 108 has an opening 196 which receives and supports 
dispensing cannula 106, and laterally thereof has extensions 1 98 that support arcuate seats 190 for manifold arms 134. 
When its two halves 1 08LH and 1 08RH are assembled together, using one or more press fit studs such as 200, and as 
indicated by broken line 201, clamshell 108 is designed to be a sturdy component which supports and holds shuttle 



9 



EP 1 059 957 B1 



valve 104 and manifold 102 together with cannulas 106 and 110 in a proper working relationship for assembly to 
connecting plate 1 1 2. Broken line 202 indicates the assembly point of cannulae 1 06 and 1 08 with clamshell 1 08. 
[0072] Spring 1 14 holds these components in place in relation to clamping plate 1 12 while tip housing 1 18 is internally 
configured so that when it is snap fitted to connecting plate 1 12 all components are properly located and securely held 

5 in position (Figures 18-19). 

[0073] Referring to Figures 11-13, when manifold 1 02 is assembled with clamshell 1 08, it is precisely located therein 
with manifold arms 134 supported on arcuate rests 190 and extending outwardly through openings 188 to be folded 
rearwardly for engagement over syringes such as 62 when the applicator tip is attached to an applicator body. Shuttle 
valve 1 04 is free shuttle back and forth with its body 1 50 and depending clamping blades 1 56 located substantially within 

10 the clamshell 1 08, subject to the to the rearward biasing action of spring 114. In Figure 1 1 , shuttle valve 1 04 is shown 
retracted somewhat rearwardly from its normal rearward position to expose the structure of the top of mixing chamber 
132 and seal 144. In the normal rearward position of shuttle valve 104, Figure 18, body portion 150 overlies the top of 
mixing chamber 132 and makes an air-tight seal with seal 144, preventing upward discharge of sealant fluids. 
[0074] It is of course desirable to avoid contamination of the underside of shuttle valve body 150 with sealant fluids 

is which might result in shuttle valve 104 seizing up and jamming the applicator. To this end, mixing chamber 132 has a 
significant extent above arms 1 34 to reduce the probability that back splash within chamber 1 32 will strike body 1 50 and 
provide an air cushion to deter such contamination and help smooth the output of sealant from dispensing cannula 1 06. 
A further function of resilient seal 144 is to wipe the under surface of body 150 to remove any liquid or solid deposits 
therefrom, which can then be aspirated from mixing volume 148, in suction clearing mode. 

20 [0075] Referring to Figures 1 2-1 3, in Figure 1 2 shuttle valve 1 04 has begun its forward movement in response to user 
actuation of the section valve and inclined surface 1 58 of clamping blade 1 56 is tangentially engaging on upper surface 
of tubular arm 134. As shuttle valve 104 advances into the fully forward position of Figure 13, tubular arm 134 is 
progressively compressed in a controlled and graduated manner until end face 1 94 of valve 1 04 engages end wall 1 92 
of clamshell 108. 

25 [0076] At this point tubular arm 134 is closed to the passage of fluid therethrough but, by proper choice of the geometry 
is not unduly stressed. Rather than being absorbed as a crushing force on tubular arm 134, any excess closing load is 
applied directly to end wall 1 92 and the load is spread over a much more substantial area that is provided by a blade 
156 engaging arm 134. 

[0077] As described hereinabove, the geometry is also preferably selected so that blades 1 56 engage arms 1 34 closely 

30 beside mixing chamber 132 to help dislodge any clogging solids that congregate in the vicinity of mixing chamber 132's 
inflow ports. Dislodging forces are transmitted hydraulically from the point of closure of tubular arms 134 through the 
sealant component liquid in the arm to the obstruction, if present, as each arm is squeezed by clamping blade 156. 
[0078] Dispensing cannula 106 comprises an upper cup-shaped portion 204 which fits closely around the mixing 
chamber 132 and has side slots 206 to accommodate arms 134. As stated above, cannula 106 is constructed of a 

35 relatively rigid material so that cup portion 204 can locate and position the cannula in clamshell 108 and also support 
and locate mixing chamber 132 within clamshell 108. Such support is needed to provide dimensional stability, noting 
that manifold 1 02 is formed of a relatively resilient material. Downwardly of cup portion 204 cannula 1 06 is provided with 
an alignment bat208 extending along a significant portion of the length of the cannula, below which the cannulaterminates 
in a dispensing aperture 210. Cannula 106 has an internal flow path which decreases in cross-sectional area toward 

40 aperture 210, as will be described in more detail in connection with Figures 18 and 19. 

[0079] Cannula 1 10 has a collar 212 at its upper end which press fits on to suction clearing conduit port 169 and 
engages tightly therewith. Collar 212 has projecting flange 214 that engages and supports cup-shape portion 204 of 
cannula 106. Aspiration cannula 110 terminates in an aspiration aperture 216 and intermediate its length has a set of 
claw-like projections 218 to engage and cooperate with alignment bar 208 to provide suitable relative positioning of 

45 cannulas 1 06 and 110. 

[0080] As best shown in Figures 14-17, tip housing 126, tip housing 118 neatly accommodates the assembly of 
clamshell 1 08, shuttle valve 1 04, manifold 1 02 and connecting plate 1 1 2 with cannulas 1 06 and 1 1 0 projecting from the 
housing 1 1 8 through openings 220 and 222. 

[0081] Tip housing 118 is attractively and aesthetically styled and provides a convenient, ergonomically designed 
50 device which can be readily assembled with a sealant applicator such as is disclosed in the applications and when 
assembled therewith can be precisely and dextrously manipulated to apply suction and sealant to tissue surfaces, for 
example to perform, or in the course of performance, of a surgical operation. 

[0082] In a preferred embodiment, the complete applicator, with an applicator tip as shown, can comfortably be held 
between the forefinger, index finger and thumb, much like a writing instrument enabling a userto take advantage of their 
55 natural precision motor actions developed for writing or drawing, to dispense sealant skillfully. 

[0083] Connecting plate 1 1 2 comprises a pair of forwardly extending sleeves 1 20 which are received over the forward 
ends of liquid component feed syringes such as syringes 62 (Figures 2-6), and above which are located a pair of S- 
shaped compression latches 1 22 having manually depressible ribbed outertab portions 1 24. Tip housing 1 1 8 has cutouts 
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126 (one shown in Figure 7) to accommodate latches 122 and is internally configured to be a snap fit over mounting 
plate 112, with the remaining components of the applicator tip mounted thereon (see Figure 18). 
[0084] Rearwardly, connecting plate 112 has a pair of flanged guide pegs 119 to stabilize the attachment of the 
applicator tip to an applicator body. I nner portions 1 28 of latches 1 22 provide resilience and enable guide pegs 11 9 to 

5 be securely engaged in an applicator body by a user compressing tabs 1 26 together with their thumb and forefinger. 
[0085] Figures 18-19 show clearly the respective rearward and forward positions of shuttle valve 104. In Figure 18 
body portion 1 50 of shuttle valve 1 04 closes the upper side of mixing volume 1 48 and the buttress portions 1 62 of the 
valve can be seen projecting rearwardly from plate 112, while in Figure 19 shuttle valve 104 has moved forwardly, 
bringing opening 152 into registration with mixing volume 148 to apply suction to clear the mixing volume and cannula 

10 1 06 (arms 1 34 being closed by clamping blades 1 56). The extension of return spring 1 1 4 may also be seen in Figure 1 9. 
[0086] The internal configurations of cannula 106 and mixing volume 148, which provide the mixed fluids exit pathway 
from the applicator tip and which open rearwardly into conduit 170, to provide a suction pathway for retrograde clearing 
of the cannula, can best be seen by referring to Figures 1 8, and 1 9. The interior walls of cannula 1 06 and mixing volume 
1 48 preferably, smooth, polished and formed of a material resistant to adhesion, for example, cannula 1 05 can be formed 

is of a highly polished rigid polypropylene or polytetrafluoroethylene. 

[0087] To reduce the probability of clogging, the length L of cannula 106 is kept as short as is practicable and is 
consistent with ergonomic and surgical requirements Thus, referring to the case of a hand-held applicator intended for 
dispensing tissue sealant, cannula 1 06 should project a sufficient distance from tip housing 1 1 8 to allow the housing tip 
1 1 8 to be properly gripped by the user's fingers or fingers and thumb, while still providing a working length of cannula 

20 106 with which to address tissue surfaces of various configurations and accessibility. A suitable value of L, consistent 
with efficient manipulation of the applicator In the manner described below lies within the range of from about 0.6 to 
about 1 .2 inches (1.5 to 3cm), preferably about 0.75 inches (close to 2 cm). 

[0088] Tip housing 1 1 8 is designed to facilitate support of the applicator in a user's hand while gripping and manipulating 
cannulas 1 06 and 1 1 0, which are effectively rigidly interconnected by bar 208 and projections 218. For this purpose, tip 

25 housing 1 18 has features such as a convergent nose portion 228, with a downwardly inclined, laterally curved upper 
face 230 which can be held under a user's forefinger, and a small flattened underface 231 which can test on a user's 
index finger. Coupled with the forward location of openings 220 and 222, these features enable the complete applicator 
to be readily gripped like a pen, or other writing or drawing instrument, by supporting the housing tip 118 on the index 
finger with cannulas 1 06 and 1 1 0 projecting over and resting on the index finger While the forefinger extends across the 

30 top of the applicator gripping surface 230 to provide control while the body of the applicator extends between the thumb 
and forefinger and the thumb is left free to operate necessary controls such as a fluid dispensing control and a suction 
control ergonomically located on top of the applicator, for example, as shown in the applications. 
[0089] Thus held, the complete applicator (see the applications) can extend across the side of the hand with a suction 
supply line draped across one side of the hand or the other and has a surprisingly well-balanced feel so that it is 

35 comfortable and convenient to use and can be operated with precision. Other ways of manipulating the applicator will 
be apparent to those skilled in the art. 

[0090] As previously discussed, it is desirable to provide rapid mixing and a short mixed fluids pathway out of the 
applicator, to prevent clogging, or undue viscosity build-up. As shown, cannula 106's internal fluid passage, here des- 
ignated 224, tapers toward dispensing aperture 210, while mixing chamber 132 is disposed closely adjacent to tip housing 
40 1 1 8 to shorten the length of the mixed fluids pathway which can be defined to begin at fluid admission port 226 where 
manifold arm 134 (not visible in Figures 18-19) opens into mixing chamber 148. The relative dimensions of the several 
fluid conduits that lead into and comprise the mixed fluid pathway can be selected to enhance rapid mixing and rapid 
discharge of the mixed sealant components. 

[0091] Referring to the cross-sectional areas of the various conduits and ports, (which will determine the fluid flow 
45 rate for a given drive pressure and fluid viscosity), the cross-sectional area of mixing volume 148 substantially exceeds 
the combined areas of arms 134 at ports 226, being, for example, at least twice as large, or preferably three or more 
times as large as the port areas, to provide, at least at the beginning of a fluid dispensing stroke, free space in mixing 
volume 1 48 for hydraulic-pneumatic turbulent mixing of the incoming fluid sealant components. 
[0092] Cannula 106's internal passage area 224, at its upstream end, is somewhat less than that of mixing volume 
50 148, to ensure that no obstruction to retrograde suctional clearing can occur at the boundary between the two, yet, 
preferably also substantially exceeds the combined port areas. Passage 1 48 tapers downwardly to aperture 21 6, where 
it has an area which is preferably less than the combined areas of ports 168, being for example comparable with that 
of a single port 1 68, to provide back pressure to promote continued turbulent mixing in mixing volume 1 48 and the upper 
end of cannula 106. 

55 [0093] As may further best be seen in Figures 18-19, tip housing 118 has an internal lip 234 at its lower periphery 
which latches in a mating recess 236 in the lower periphery of connecting plate 1 12. Tip housing 1 18 may be assembled 
with the remaining applicator tip components, after they have been assembled with connecting plate 112, by passing 
cannulas 1 06, 110 through openings 220, 222, latching lip 234 into recess 236 and snapping the top of the tip housing 
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over the top of the connecting plate. 

[0094] The applicator tip described with reference to Figures 7-19 can readily be assembled with an applicator body, 
gripped, manipulated and manually actuated to dispense desired patterns of thoroughly mixed adhesive with sufficient 
accuracy for many surgical purposes, including drops or spot patterns, droplets, beads and continuous line patterns. As 
5 shown in Figure 20, the positioning, disposition and proximity of suction aperture 21 6 permits tissue 240 to be cleaned 
of fluids 242, or other debris, and dried prior to application of sealant 244 by drawing the applicator toward the user, 
while also removing any excess sealant that comes within range of suction aperture 21 6. 

[0095] A suitable applicator body for assembly with the droplet applicator tip illustrated in Figures 6-19 is shown in 
Figures 25 and 27 with a spray head attached, the spray head shown comprising an embodiment of a further invention 
10 herein. In a preferred embodiment, the droplet applicator tip, an extended reach version thereof, for example as shown 
in the related applications, and a spray head such as that shown in Figures 21 -30, described below, are interchangeably 
fittable (by the user) not only to the barrel style of applicator shown, but also to a pistol grip applicator such as shown 
in the related applications. 

[0096] Comparative tests were conducted to compare the performance of a fibrin sealant applicator according to the 
15 invention employing a droplet head with impingement mixing substantially as described with reference to Figures 7-1 9, 

"the inventive applicator" with two commercially available applicators, namely an applicator sold under the trademark 

DUOFLO by Haemedics Corp. and an applicator sold under the trademark FIBRIJECT by Micro medics Corp. 

[0097] Two fibrin sealant components were used namely a bovine- sourced cryo precipitate, BioSurgical Corp., fibrin 

sealant component 1 , and topical thrombin in 40 mM CaCI 2 fibrin sealant component 2, JMI, Inc. 
20 [0098] Test subjects were rabbits, the kidneys and spleen of each of which were exposed and incisions of controlled 

length and depth were made. Fibrin sealant was then applied by one of three sealant applicators. The time to hemostasis 

was recorded. 

[0099] The following procedures were used: 
25 Kidneys 
[0100] 

1 . Expose the left kidney via a midline abdominal incision. 

30 2. Carefully dissect kidney free from any adherent tissue or fat. 

3. Elevate kidney and place gauze underneath, spreading out to isolate organ from surronding anatomic features. 

4. Clamp a hemostat to a #1 0 scalpel blade so that 3 mm of the tip is exposed. 

5. Place a scale longitudinally along the upper lateral edge of the kidney and make an incision 20 mm long. 

6. Once bleeding has begun, lightly dab incision with gauze and immediately apply fibrin sealant with test applicator. 
35 7. Record time until essentially all bleeding has ceased (slight oozing). Continue to record time until complete 

hemostasis occurs. Discontinue all time measurements after 10 minutes is still bleeding. 

8. Repeat steps 5 through 7 for the lower lateral edge of the left kidney. 

9. Steps 5 through 7 may be repeated for the ventral side of the kidney if more data points are needed. 

1 0. Repeat steps 2 through 7 for the right kidney. 

40 

Spleen 
[0101] 

45 1 . Expose the spleen via the same midline excision made for the kidneys 

2. Carefully dissect spleen free from any adherent tissue or fat. 

3. Elevate spleen and place gauze underneath, spreading out to isolate organ from surrounding anatomic features. 

4. Clamp a hemostat to a #1 0 scalpel blade so that 3 mm of the tip is exposed. 

5. Place a scale lengthwise along the lateral end of the spleen and make an incision 20 mm long. 

50 6. Once bleeding has begun, lightly dab incision with gauze and immediately apply fibrin sealant with test applicator. 

7. Record time until essentially all bleeding has ceased (slight oozing). Continue to record time until complete has 
hemostasis occurs. Discontinue all time measurements after 10 minutes if still bleeding. 

8. Move scale at least 20 mm proximally from the first incision and repeat steps 5 through 7. 

9. Continue to make incisions and measurements by moving continually proximal from the previous incision as long 
55 as there is sufficient length remaining to do so. 

1 0. Once all incisions have been made, the subject may then be sacrificed by standard means. 

[0102] The performance of each tested applicator was assessed using the following criteria: 
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1 . Time to near complete hemostasis (slight oozing). 

2. Time to complete hemostasis. 

3. Percentage of sites with hemostasis as a function of time within 10 minutes. 

4. Quantity of sealant delivered. 

[0103] The results set forth in Table 1 below were obtained: 





TABLE 1 : COMPARATIVE TEST RESULTS Hemostasis in Rabbits 
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Claims 

1 . A manually actuated sealant applicator for dispensing a mixed output of at least two liquid sealant components, the 
sealant components being capable, when mixed together, of generating a solid sealant product, the applicator 
comprising: 

a) a mixing volume (66, 148) for mixing said at least two liquid sealant components; 

b) at least two liquid sealant component delivery passages (59) to deliver respective flows of the sealant com- 
ponents separately to the mixing volume (66, 1 48), each flow having a sealant component input direction wherein 
the sealant component input directions are disposed at an included angle of at least 120 degrees, and are 
disposed to cause the sealant component flows to impinge one upon the other in the mixing volume (66, 148) 
thereby to cause turbulent flow of the liquid sealant components; and 

c) a clearing mechanism (1 70); characterised in that the clearing mechanism is operable to apply a retrograde 
suction to act on and clear undesired solid sealant product from the mixing volume (66, 148). 

2. Asealant applicator according to claim 1 , wherein the sealant component input directions are disposed at an included 
angle of at least 150 degrees. 

3. A sealant applicator according to claim 1 or 2, wherein the sealant component input directions are directly opposed 
to one another. 

4. A sealant applicator according to any one of the preceding claims comprising a dispensing tube (70) connecting 
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with the mixing volume (66, 148) to receive a stream of mixed fluid sealant from the mixing volume (66, 148) in a 
mixed sealant output direction and to dispense the mixed stream at a location displaced away from the mixing 
volume (66, 148). 

5. A sealant applicator according to claim 4 having an angle of at least 60 degrees between each sealant component 
input direction and the mixed sealant output direction. 

6. A sealant applicator according to any one of the preceding claims comprising a sealant component flow control 
valve (54) actuated by the clearing mechanism (1 70) to close the sealant delivery passages (59) and prevent flow 
of the sealant components into the mixing volume (66, 1 48) during clearing. 

7. A sealant applicator according to claim 6, wherein the mixing volume (66, 148) comprises a clearing port (69) for 
removal of undesired solids by the clearing mechanism (170) and the sealant component flow control valve (54) is 
operable to close the clearing port (69) when sealant is dispensed and to open the clearing port (69) when the 
clearing mechanism (170) is operative. 

8. A sealant applicator according to Claim 4 or 5, wherein the mixed sealant output direction is substantially perpen- 
dicular to each sealant flow input direction. 

9. A sealant applicator according to any one of the preceding claims, wherein the mixing volume (66, 1 48) has a cross- 
sectional area in the vicinity of the delivery passages (59) being greater than the sum of the cross-sectional areas 
of the delivery passages (59), said cross-sectional areas being determined transversely to the direction of fluid flow, 
to facilitate mixing of the fluid components. 

10. A sealant applicator according to any one of the preceding claims comprising at least two reservoirs (62), one for 
each respective sealant component, each sealant component delivery passage (59) connecting with a respective 
one of the reservoirs (62) to receive a sealant component therefrom. 

1 1 . A sealant applicator according to claim 1 0 for dispensing a fibrin sealant, wherein one of the at least two reservoirs 
(62) is charged with fibrinogen and another is charged with a fibrinogen activator. 

12. A sealant applicator according to claim 1 1, wherein the fibrinogen activator is thrombin. 

13. A sealant applicator according to any one of the preceding claims comprising a passageway for dispensing the 
mixed output from the mixing volume (66, 1 48), the passageway comprising a tapered tube and nozzle. 

14. A sealant applicator according to any one of the preceding claims, wherein each delivery passage (59) comprises 
a resiliently flexible tube, having walls that can be pinched closed to prevent flow of liquid therethrough. 

1 5. A sealant applicator according to Claim 1 4 comprising a one-piece manifold, the manifold being formed of a resilient 
material and comprising the mixing chamber (66,148) and the resiliently flexible tubes. 

16. A sealant applicator according to Claim 15, wherein each resiliently flexible tube has a cup-shaped fitting at one 
end, each of the fittings being secured to a source of the fluid sealant components. 

1 7. A sealant applicator according to Claim 1 6, wherein the cup-shaped fittings further comprise internal seals providing 
a fluid-tight attachment to each source of the fluid sealant components. 



Patentanspriiche 

1. Manuell betatigter Klebstoff-Applikator zum Abgeben einer Mischausgabe aus zumindest zwei flussigen Klebstoff- 
komponenten, wobei die Klebstoffkomponenten, wenn sie miteinander vermischt sind, fahig sind, ein festes Kleb- 
stoffprodukt zu erzeugen, wobei der Applikator umfasst: 

a) ein Mischvolumen (66, 148) zum Vermischen von zumindest zwei flussigen Klebstoffkomponenten; 

b) zumindest zwei Flussigklebstoffkomponenten-Zufuhrungsdurchgange (59), urn jeweilige Strome der Kleb- 
stoffkomponenten getrennt in das Mischvolumen (66, 148) zuzufuhren, wobei jeder Strom eine Klebstoffkom- 
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ponenteneingaberichtung hat, wobei die Klebstoffkomponenteneingaberichtungen in einem Offnungswinkel 
von zumindest 120 Grad angeordnet sind und angeordnet sind, urn die Klebstoffkomponentenstrome dazu zu 
veranlassen, in dem Mischvolumen (66, 148) aufeinander zu treffen, um dadurch eine turbulente Stromung 
derflussigen Klebstoffkomponenten zu bewirken; und; 

c) einen Raumungsmechanismus (170), dadurch gekennzeichnet, dass der Raumungsmechanismus be- 
treibbar ist, um einen rucklaufigen Sog anzuwenden, um auf unerwunschtes testes Klebstoffprodukt zu wirken 
und es aus dem Mischvolumen (66, 148) zu raumen. 

2. Klebstoff-Applikator nach Anspruch 1 , wobei die Klebstoffkomponenteneingaberichtungen in einem Offnungswinkel 
von zumindest 150 Grad angeordnet sind. 

3. Klebstoff-Applikator nach Anspruch 1 oder2, wobei die Klebstoffkomponenteneingaberichtungen direkt entgegen- 
gesetzt zueinander sind. 

4. Klebstoff-Applikator nach einem der vorangehenden Anspruche, der ein Abgaberohr (70) aufweist, welches an das 
Mischvolumen (66, 148) anschlieGt, um einen Strom aus vermischtem Fluidklebstoff aus dem Mischvolumen (66, 
148) in einer Mischklebstoffausgaberichtung zu empfangen und den Mischstrom an einer Stelle abzugeben, die 
von dem Mischvolumen (66, 148) weg versetzt ist. 

5. Klebstoff-Applikator nach Anspruch 4 mit einem Winkel von zumindest 60 Grad zwischen jeder Klebstoffkom po- 
nenteneingaberichtung und der Mischklebstoffausgaberichtung. 

6. Klebstoff-Applikator nach einem der vorangehenden Anspruche, umfassend: ein Klebstoffkomponentenstromsteu- 
er- bzw. Regelventil (54), das von dem Raumungsmechanismus (170) betatigt wird, um die Klebstoffzufuhrungs- 
durchgange (59) zu schlieGen und den Strom der Klebstoffkomponenten in das Mischvolumen (66, 148) wahrend 
des Raumens zu verhindern. 

7. Klebstoff-Applikator nach Anspruch 6, wobei das Mischvolumen (66, 1 48) eine Raumungsoffnung (69) zum Entfernen 
von unerwunschten Feststoffen durch den Raumungsmechanismus (170) umfasst und das Klebstoffkomponenten- 
stromsteuer- bzw. Regelventil (54) betreibbar ist, um die Raumungsoffnung (69) zu schlieBen, wenn Klebstoff 
abgegeben wird, und die Raumungsoffnung (69) zu offnen, wenn der Raumungsmechanismus (170) tatig ist. 

8. Klebstoff-Applikator nach Anspruch 4 oder 5, wobei die Mischklebstoffausgaberichtung im Wesentlichen senkrecht 
zu jeder Klebstoffstromeingaberichtung ist. 

9. Klebstoff-Applikator nach einem der vorangehenden Anspruche, wobei das Mischvolumen (66, 148) eine Quer- 
schnittsflacheinder NachbarschaftderZufuhrungsdurchgange (59) hat, diegroBeralsdieSummederQuerschnitts- 
flachen der Zufuhrungsdurchgange (59) ist, um das Mischen der Fluidkomponenten zu erleichtern, wobei diese 
Querschnittsflachen transversal zu der Richtung des Fluidstroms bestimmt werden. 

10. Klebstoff-Applikator nach einem der vorangehenden Anspruche, der zumindest zwei Vorratsbehalter (62), einen fur 
jede jeweilige Klebstoffkomponente, umfasst, wobei jeder Klebstoffkomponentenzufuhrungsdurchgang (59) mit ei- 
nem jeweiligen der Vorratsbehalter (62) verbunden ist, um eine Klebstoffkomponente davon zu empfangen. 

11. Klebstoff-Applikator nach Anspruch 10 zum Abgeben eines Fibrinklebstoffs, wobei einer der zumindest zwei Vor- 
ratsbehalter (62) mit Fibrinogen gefullt ist und ein anderer mit einem Fibrinogen-Aktivator gefullt ist. 

12. Klebstoff-Applikator nach Anspruch 11, wobei der Firbrinogen-Aktivator Thrombin ist. 

13. Klebstoff-Applikator nach einem der vorangehenden Anspruche, der einen Durchgang zum Abgeben der Misch- 
ausgabe aus dem Mischvolumen (66, 148) umfasst, wobei der Durchgang ein spitz zulaufendes Rohr und eine 
Duse umfasst. 

14. Klebstoff-Applikator nach einem der vorangehenden Anspruche, wobei jeder Zufuhrungsdurchgang (59) ein ela- 
stisch flexibles Rohr mit Wanden umfasst, die abgeklemmt werden konnen, um den Flussigkeitsstrom sadurch zu 
verhindern. 

15. Klebstoff-Applikator nach Anspruch 14, umfassend eine einstuckige Rohrverzweigung, wobei die Rohrverzweigung 
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aus einem elastischen Material ausgebildet ist und die Misch karri mer (66, 148) und die elastischen flexiblen Rohre 
umfaGt. 

16. Klebstoff-Applikator nach Anspruch 15, wobei jedes elastisch flexible Rohr ein kelch- bzw. topfformiges An- 
schlussstuck an einem Ende hat, wobei jedes der Anschlussstucke an einer Quelle der Fluidklebstoffkomponenten 
befestigt ist. 

17. Klebstoff-Applikator nach Anspruch 16, wobei die kelchformigen Anschlussstucke ferner innere Dichtungen umfas- 
sen, die eine fluiddichte Befestigung an jeder Quelle der Fluidklebstoffkomponenten bereitstellen. 



Revendications 

1. Applicateurde colle active manuellement pour distribuer une sortie melangee d'au moins deuxcomposants de colle 
liquides, les composants de colle etant capables, une fois melanges ensemble, de generer un produit de colle solide, 
I'applicateur comprenant : 

a) un volume de melange (66, 148) pour melanger lesdits au moins deux composants de colle liquides ; 

b) au moins deux passages d'acheminement de composants de colle liquides (59) pour acheminer les flux 
respectifs des composants de colle separement jusqu'au volume de melange (66, 148), chaque flux ayant un 
sens d'entree de composant de colle, dans lequel les sens d'entree de composants de colle sont disposes a 
un angle d'ouverture d'au moins 120 degres et sont disposes de sorte que les flux de composant de colle 
empietent I'un sur I'autre dans le volume de melange (66, 1 48) pourainsi creer un fluxturbulent des composants 
de colle liquides ; et 

c) un mecanisme d'expulsion (170) ; caracterise en ce que le mecanisme d'expulsion peut etre utilise pour 
appliquer une succion retrograde pour agir sur et eliminer le produit de colle solide indesirable du volume de 
melange (66, 148). 

2. Applicateur de colle selon la revendication 1 , dans lequel les sens d'entree des composants de colle sont disposes 
a un angle d'ouverture d'au moins 150 degres. 

3. Applicateur de colle selon la revendication 1 ou 2, dans lequel les sens d'entree des composants de colle sont 
directement opposes I'un a I'autre. 

4. Applicateur de colle selon Tune quelconque des revendications precedentes, comprenant un tube de distribution 
(70) relie au volume de melange (66, 148) pour recevoir un jet de colle liquide melangee du volume de melange 
(66, 148) dans un sens de sortie de colle melangee et pour distribuer le jet melange a un emplacement distant du 
volume de melange (66, 148). 

5. Applicateur de colle selon la revendication 4 ayant un angle d'au moins 60 degres entre chaque sens d'entree de 
composant de colle et le sens de sortie de colle melangee. 

6. Applicateur de colle selon I'une quelconque des revendications precedentes comprenant une vanne de commande 
d'ecoulement de composant de colle (54) activee par le mecanisme d'expulsion (170) pourfermer les passages 
d'acheminement de colle (59) et empecher recoupment des composants de colle dans le volume de melange (66, 
148) pendant I'expulsion. 

7. Applicateur de colle selon la revendication 6, dans lequel le volume de melange (66, 148) comprend un orifice 
d'expulsion (69) pour le retrait de solides indesirables par le mecanisme d'expulsion (1 70) et la vanne de commande 
d'ecoulement de composant de colle (54) est utilisable pour fermer I'orifice d'expulsion (69) quand la colle est 
distribute et ouvrir I'orifice d'expulsion (69) quand le mecanisme d'expulsion (170) est operationnel. 

8. Applicateur de colle selon la revendication 4 ou 5, dans lequel le sens de sortie de colle melangee est sensiblement 
perpendiculaire a chaque sens d'entree d'ecoulement de colle. 

9. Applicateur de colle selon I'une quelconque des revendications precedentes, dans lequel le volume de melange 
(66, 1 48) a une surface transversale au voisinage des passages d'acheminement (59) qui est superieure a la somme 
des surfaces transversales des passages d'acheminement (59), lesdites surfaces transversales etant determinees 
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transversalement par rapport au sens d'ecoulement du liquide, pour faciliter le melange des composants liquides. 

10. Applicateurde colle selon Tune quelconque des revendications precedentes comprenant au moins deux reservoirs 
(62), un pour chaque composant de colle respectif, chaque passage d'acheminement de composant de colle (59) 
etant relie a un respectif des reservoirs (62) pour en recevoir un composant de colle. 

11. Applicateurde colle selon la revendication 10 pour distribuer une colle fibrineuse, dans lequel un desau moins deux 
reservoirs (62) est charge de fibrinogene et un autre est charge d'un activateur de fibrinogene. 

12. Applicateur de colle selon la revendication 1 1 , dans lequel I'activateur de fibrinogene est de la thrombine. 

13. Applicateur de colle selon Tune quelconque des revendications precedentes 5 comprenant un passage pour distri- 
buer la sortie melangee du volume de melange (66, 148), ce passage comprenant un tube conique et une buse. 

14. Applicateur de colle selon Tune quelconque des revendications precedentes, dans lequel chaque passage d'ache- 
minement (59) comprend un tube elastiquement flexible, ayant des parois qui peuvent etre fermees en les pincant 
pour empecher recoupment de liquide a travers celui-ci. 

1 5. Applicateur de colle selon la revendication 1 4 comprenant un collecteur d'une seule piece, ce collecteur etant forme 
d'un materiau elastique et comprenant la chambre de melange (66, 1 48) et les tubes elastiquement flexibles. 

16. Applicateurde colle selon la revendication 15, dans lequel chaque tube elastiquement flexible a un embouten forme 
de coupelle a une extremite, chacun des embouts etant fixes a une source des composants de colle liquides. 

1 7. Applicateur de colle selon la revendication 1 6, dans lequel les embouts en forme de coupelle comprennent en outre 
des joints internes fournissant un raccordement etanche a chaque source des composants de colle liquides. 



17 



EP 1 059 957 B1 




18 



EP 1 059 957 B1 
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